Introduction
[2] Back-arc spreading centers (BASC) represent a small but significant fraction of the global ocean ridge system, and are an integral part of many subduction zones. Back-arc basin basalts (BABB) have large ion lithophile elements (LILE) and water contents intermediate to those of typical MORB and spatially related arc basalts [Taylor and Martinez, 2003; Kelley et al., 2006; Langmuir et al., 2006, and references therein] . BABB have also been used to show spatial gradients in the mantle composition beneath back-arc basins . BASC combine the relative simplicity of a ridge environment, where magmatism is less encumbered by assimilation and contamination, with moderate subduction-related contributions compared to arc volcanism. BASC provide important perspectives on processes that occur in a subduction environment, including the effect of fluids on basalt petrogenesis, the pathways of the subduction input, and mantle enrichment. Moreover, because the mantle wedge volume is limited by the slab boundary, it is possible that BABB production depletes the wedge that is available for arc front generation, and vice versa. In these ways, integrated knowledge of back-arc and arc front volcanism can give us a much better knowledge of the processes and dynamics of the entire subduction system.
[3] The Lau basin, located behind the Tonga arc, contains several spreading centers distributed over a basin 600 km long and up to 500 km wide ( Figure 1 ). Previous studies of on-axis samples [Sunkel, 1990; Falloon et al., 1992; Volpe et al., 1988; Loock, 1992; Pearce et al., 1994; Hergt and Woodhead, 2007; , from ODP drilling (Leg 135, Sites 834 to 839 [Ewart et al., 1994a [Ewart et al., , 1994b Hawkins and Allan, 1994; Hergt and Farley, 1994; Hergt and Hawkesworth, 1994; Ewart et al., 1998] ) and arc islands Regelous et al., 1997; Wendt et al., 1997; Ewart et al., 1998; Turner and Hawkesworth, 1998; Pearce et al., 2007] have revealed geochemical variations in the mantle wedge composition and in the subduction-related components, as well as possible contribution of enriched material from the Louisville Seamount Chain (LSC) and the Samoan hot spot. Samples from ODP Leg 135 (Sites 834 to 839) indicate that the mantle wedge composition has changed in the past because of the propagation southward of an Indian-like mantle replacing Pacific-like mantle [Ewart et al., 1994b; Hergt and Farley, 1994; Hergt and Hawkesworth, 1994; Ewart et al., 1998] . A similar transition is also displayed by modern eruptives from the Eastern Lau Spreading Center (ELSC) . Recently, on the basis of Nd-Hf isotopes in arc and back-arc samples from the Lau basin-Fiji region, Pearce et al. [2007] have confirmed the transition between Pacific and Indian-like mantle regions in the southern Lau basin and related the Indian-like signature to the propagation southward of a Pacific enriched ''SOPITA'' mantle (South Pacific Isotopic and Thermal Anomaly [Staudigel et al., 1991] ) following the collision of the Ontong-Java Plateau with the Vitiaz Trench 12 Ma ago. They also revealed significant isotopic variation within the two mantle domains, which they attributed to progressive depletion by melt extraction of the mantle as it migrates southward. The precise location and the nature of the transition between the Pacific and Indian-like mantle regions must lie somewhere between the Central Lau Spreading Center (CLSC, north of $18°S) and Valu Fa (22°S) but has not been precisely known because sampling has been too sparse until now [Pearce et al., 1994; Peate et al., 2001; Pearce et al., 2007] .
[4] The chemical signature of BAB lavas worldwide is variable and has multiple origins. One type of enrichment is associated with an arc-like component, enriched in fluid mobile elements and large ion lithophile elements (LILE) such as Rb, Ba, Th, K, but not in high field strength elements (HFSE) such as Nb, Ta, Hf, Zr. In some locations such as the Mariana and East Scotia back-arc basins (Figure 2) , the enrichment in fluid mobile elements (responsible for the high Ba/Nb) is coupled with an enrichment in melt mobile (incompatible) elements (responsible for the high La/Sm). In contrast, the arc-like component in the Lau basin displays minimal enrichment in melt mobile elements. Another cause of variability in BAB lavas is the degree of depletion or enrichment of the mantle wedge preceding the addition of the arclike component. Evidence for enriched mantle (similar to a enriched mid-oceanic ridge basalt (E-MORB) mantle source) has been found in all back-arc basins Sinton et al., 2003; Pearce et al., 2005; Langmuir et al., 2006] . Langmuir et al. [2006] have attributed this enrichment in incompatible elements to recent addition of low-degree melts to the mantle wedge, as proposed by Donnelly et al. [2004] for the E-MORB source.
[5] Most studies of the subduction input to the Tonga-Lau subduction zone have dealt with the Tonga arc islands Ewart et al., 1998] . Data showing 238 U excesses over 230 Th and strong enrichments of LILE/HFSE Ewart et al., 1998; Hergt and Woodhead, 2007] demonstrate the importance of recent addition of hydrous fluid to the mantle wedge. This suggests that the fluid mobile and incompatible element budget of Tonga arc lavas is controlled by mixing between a fluid from altered ocean crust (AOC) and either a partial melt Peate et al., 2001] or a fluid derived from pelagic sediments. Because of the wide spacing of the arc islands and the limited sampling along the ELSC, none of the earlier studies of Lau basin volcanic products discussed (cruise KM0417) ; red circles, CLSC, ILSC, and other ELSC samples; and blue circles, ODP site locations (see Appendix C for sources of locations)). Three cross sections illustrate the change in ridge morphology along the Eastern Lau Spreading Center. The black dashed lines represent the limit between old and young crust [Martinez and Taylor, 2002] , and the thick red dashed line represents the projected location of the subducted Louisville Seamounts Chain .
in detail the compositional variability of the subduction input and its relationship with the distance from the arc front.
[6] Our systematic sampling of the ELSC provides a new opportunity to examine the nature of the enrichment processes and the mantle wedge evolution in one of the best developed arc-back-arc systems, the Tonga arc and Lau basin. In this paper we report new isotopic and trace element data from the ELSC, as well as new Pb isotope data for the Tonga arc, which we compile with published data. We use the data to address the following questions. Is there systematic geochemical variability along the ELSC with the distance from the arc as proposed by Pearce et al. [1994] ? Are the trace element and isotope variations in BABB due to changes in the amount of a subduction component or are they also related to compositional changes of the subduction component itself? If the composition changes, does it change with the distance from the arc and does it relate to Tonga arc variation?
[7] Once we understand the compositional and spatial variations of the subduction component(s), we can address the origin of the variation in the mantle wedge that existed prior to the addition of the subduction component(s). We pay particular attention to immobile trace elements and radiogenic isotopes to determine the nature, location and sharpness of the boundary between Pacific-like and Indian-like mantles in the wedge. The new data also allow us to define relationships between mantle source composition, ridge segmentation, along-axis bathymetry and the ridge morphology that help us to understand mantle dynamics and melting beneath back-arc spreading centers.
Geological Setting
[8] The Eastern Lau Spreading Center (ELSC) and Valu Fa Ridge (VFR) occupy a single first-order ridge segment in the southern Lau basin, and are divided into smaller segments by multiple small offsets ( Figure 1 ). The ELSC includes four segments (numbered ELSC1 to ELSC4 from north to south), and the Valu Fa ridge includes two segments (VFR1 and VFR2, from north to south). Most of our samples from Valu Fa are located along VFR1, extending southward from segment ELSC4. At every offset, the northernmost segment is shifted toward the west, farther away from the arc. The distance of each segment from the Tonga Arc front increases progressively from 40 km at the southern extremity of the Valu Fa Ridge to 100 km in the northern extremity of ELSC. A small segment, the Intermediate Lau spreading center (ILSC), separates the ELSC from the Central Lau Spreading Center (CLSC), located even farther from the volcanic front of the arc, about 50 km to the northwest.
[9] The current phase of seafloor spreading started about 3-4 Ma ago and has propagated rapidly southward [Karig, 1970; Taylor et al., 1996] . The spreading rate decreases southward from 85 to 92 mm/a along the CLSC to 40 mm/a at the southern end of the ELSC [Taylor and Martinez, 2003] as the subduction rate changes from 160 mm/a in the north to 80 mm/a in the south [Bevis et al., 1995] . A transition in ridge morphology associated with a substantial decrease of depth, from 2700 m to 2100 m, occurs in the middle of ELSC3, a 30-km-long segment. The northern ELSC segments are characterized by an axial depression (inset in Figure 1 ) and show relatively constant bathymetric depths of 2700 m, except for the northern extremity where the depth reaches 3000 m. From the middle of [10] Several Tonga islands are located within the latitudinal range of the Eastern Lau Spreading Center ( Figure 1 ). Ata (south Tonga) is located about 50 km east of Valu Fa. Hunga Ha'apai and Hunga Tonga (two islands from the central Tonga, remnants of a submerged caldera) are located at the same latitude as the segment ELSC3 ($20.5°S) and $80 km to the east. Kao and Tofua, two adjacent islands further to the north are located at the latitude of the segment ELSC1 ($19.7°S) and $95 km to the east. Many submerged volcanoes have been observed along the arc front between the arc islands [Stoffers et al., 2006 ].
Results
[11] We report 64 Pb-Sr-Nd isotopic ratios, trace element contents (i.e., Nb, Ba, La, Ce, Sm, Nd, Pb, Th and U) and Mg # obtained on glass chips from along-axis ELSC samples from 20.2 to 22.3°S (ELSC2 to VFR1) (Table 1) , with an average spacing of $3.6 km. We also report 13 new Pb isotopic compositions of Tonga arc samples previously analyzed by Turner et al. [1997] . Details on the analytical methods can be found in Appendix A.
[12] The trace element abundances, with the exception of sample DR41-1 (e.g., Figure 2 ), are within the range of the published back-arc data from the Lau basin, as are the Mg # (ranging from 0.67 to 0.16; with Mg # = Mg/(Mg+Fe)). Figure 2 shows that, except for DR41-1, the ELSC lavas display relatively lower enrichment in melt mobile elements (e.g., low La/Sm) than other BABB such as East Scotia and the Mariana Trough, despite stronger enrichment in fluid mobile elements (e.g., high Ba/Nb).
[13] The trace element patterns (Figure 3 , see section 3.2 for the grouping definition) show an overall increase of the trace element contents toward the south, associated with enrichments in mobile elements (e.g., Ba and Pb) and relative depletions in HFSE (i.e., Nb) compared to the rare earth elements. These characteristics are all consistent with fluid-dominated subduction input increasing toward the south. Mobile/immobile element ratios normalized to N-MORB [Sun and McDonough, 1989 ] range from relatively depleted values ((Ba/ Nb) N $7 and (U/Th) N $0.91, (Figure 3a) ) in the northernmost segments to more enriched values ((Ba/Nb) N $28 and (U/Th) N $1.08) at Valu Fa (Figure 3c ).
[14] A few samples present a trace element pattern not reflecting a fluid-dominated subduction input. [Sun and McDonough, 1989] . Overall, the mobile trace element contents (e.g., Ba and Pb) increase from north to south. All samples but DR41-1 have a Nb depletion and a Ba and Pb enrichment consistent with a fluid-dominated subduction input. Four samples from the northern group (RC028, RC031, RC099, and RC107) have a pattern with a peculiar shape for the most incompatible elements, characterized by lower Ba/ Th and higher Th/U ratios which could reflect the moderate E-MORB enrichment of a depleted mantle source. DR41-1, represented by the green dashed line, displays a pattern reflecting an enrichment in all the incompatible elements, very similar to the E-MORB pattern (red dashed line) from Sun and McDonough [1989] . DR41-1 has a composition similar to the E-MORB of Sun and McDonough [1989] (Figure 3a) , and plots on the E-MORB or OIB trend shown by the Samoa lavas ( Figure 2) . A few samples from segment ELSC2 have negligible subduction input and trace element patterns characterized by a smooth decrease from Ba to Nb followed by a smooth increase toward Pb (Figure 3a ). These samples display the lowest trace element enrichment of ELSC2, along with particularly low (U/ Th) N (<0.84) and (Ba/Nb) N (<3.6). Such trace element patterns are best explained by melting of a mantle source that has been depleted more than the source of the N-MORB reported by Sun and McDonough [1989] , followed by some reenrichment in incompatible elements (hence the Vshaped patterns). These samples also display the lowest 206 Pb/ 204 Pb ratios measured in this study.
[15] In the following sections, we compare ratios of highly incompatible elements that are not significantly affected by melting or crystallization. The ELSC range of variation of these trace element ratios is much higher than what could be produced by different extents of melting of a single mantle source or by crystallization. Pearce et al., 2007] and with the analysis of one sample from Ata reported by Jenner et al. [1987] (see Figures B1-B3 ). As discussed in Appendix B, there are systematic discrepancies between the recent Pb isotopic ratios  this study] and the Pb isotopic ratios measured on the same samples earlier by Ewart et al., 1998 ]. The results we report in this study significantly improve the Pb [18] The new ELSC isotopic data are shown in Figure 4 together with Tonga island lavas, Samoan lavas, sediments from ODP Site 204, and the East Pacific Rise and central Indian MORBs. Despite significant Pb isotopic variability, the Sr and Nd isotope ratios in the ELSC lavas do not vary much compared to the MORB variability. Overall, the ELSC data define a trend from a low 206 Pb/ 204 Pb end-member plotting within the central Indian MORB field toward the Tonga arc fields (Figures 4a and 4b ). In the Sr-Nd diagram (Figure 4c ), the ELSC lavas plot within the central Indian Ridge field with slightly lower 143 Nd/ 144 Nd ratios than the CLSC lavas. The subducted sediments and the Samoan lavas display particularly radiogenic 87 Sr/ 86 Sr and unradiogenic 143 Nd/ 144 Nd ratios, more extreme than the ratios measured in the ELSC, CLSC or Tonga islands lavas.
Along-Axis Variation
[19] The trace element ratios show an increase in a subduction signature toward the south, as the distance to the arc decreases ( Figure 5 ). To first order, the northern ELSC lavas have low enrichments of mobile trace elements, the central ELSC lavas have intermediate values and the southern ELSC (including Valu Fa) display much higher values ( Figure 3 ). Within this overall framework of increasing arc component to the south, it is noteworthy that most of the geochemical variation related to the subduction input occurs within the segments ELSC3 and ELSC4, defining geochemical transition zones, and that different elements or ratios indicating a subduction signature do not increase in concert. The La/Sm ratio reflects the enrichment in incompatible elements not specifically related to fluid addition. It increases from 0.75 to >1.25 toward the south with significant jumps in the middle of ELSC3 and ELSC4 segments. The Th/La ratio also reflects enrichment in incompatible elements and can be used to identify a sedimentary contribution to the arc magmas , 2002] and the presence of an axial magma chamber reflector [Harding et al., 2000; Jacobs et al., 2007] . La/Sm reflects the enrichment in incompatible elements, Th/La reflects the sedimentary contribution to the arc magmas [Plank, 2005] , and Ba/Th reflects the enrichment in mobile elements and the relative importance of fluid versus sediment melts. The samples are grouped as described in the text, on the basis of their geographic location and the existence of two important geochemical transitions. One transition is located within the ELSC3 and characterized by a jump in Ba/Th, Th/La, and La/Sm. The second transition is located in the middle of the ELSC4 and is characterized by a decrease in Ba/Th and an increase in Th/La, La/Sm, and 206 Pb/ 204 Pb ratio but not Ba/Nb. The apparent decoupling between Ba/Th and the other two ratios reflects a compositional change of the subduction input. Overall, the Th/La and La/Sm ratios increase from north to south showing a stronger subduction input closer to the arc front, and the Ba/Th ratio indicates a maximum fluid contribution in the central group. [Plank, 2005] . It displays a similar latitudinal variation to La/Sm. On the other hand, the Ba/Th ratio characterizes the enrichment in fluid mobile elements and, combined with Th/La and La/Sm, shows that the fluid contribution to the subduction input increases in the middle of ELSC3 and seems to decrease in the middle of ELSC4. We show in succeeding diagrams and sections that these irregular variations are the result of variable amounts of subduction input of varying composition.
[20] The Pb isotope ratios increase toward the south with significant jumps in the middle of ELSC3 and ELSC4, from values similar to CLSC basalts (e.g., 206 Pb/ 204 Pb$18.15) to more radiogenic values consistent with existing Valu Fa data [Volpe et al., 1988; Loock, 1992 except for four samples, the latitudinal plots show that the along-axis variation of the isotope ratios reflecting the subduction component contribution (e.g., 206 Pb/ 204 Pb) is best described by a sinusoid ( Figure 6 ). The origin of the detailed latitudinal variation and its relationship with the mechanisms of the enrichment process, the ridge segmentation and morphology are addressed below in the discussion.
Enrichment Processes and Mantle Wedge Variability
[22] The trace element and isotope ratios (Figures 5 and 6) reveal that the ELSC south of 18.5°S can be divided into several geographical areas, within which the geochemical variations reflect mixtures between depleted mantle wedge and enriched components, often unique for each area. The area boundaries correspond to the two geochemical transitions located within segments ELSC3 and ELSC4. We thus define a northern Group, located between the ELSC3 transition and the northern extremity of the ELSC2, a central Group located between the two transitions, and a southern group located south of the ELSC4 transition. The samples within the transitions define two additional groups, namely, transition N-C (northern-central, i.e., the ELSC3 transition) and transition C-S (centralsouthern, i.e., the ELSC4 transition). Data from the CLSC and the northernmost segment of the ELSC (i.e., ELSC1) are also reported in Figures 7-12 as additional groups for comparison [Falloon et al., 1992; Volpe et al., 1988; Peate et al., 2001; Hergt and Woodhead, 2007; Pearce et al., 2007] .
[23] The CLSC lavas display much less enrichment in fluid mobile elements compared to the ELSC segments (e.g., lower Ba/La, Figure 7 [24] In detail, the geographical groups have specific trace element and isotopic features reflecting variations in the mantle wedge and subduction input. The northern group has the lowest trace element enrichment of the southern Lau basin, expressed by low incompatible element contents ( Figure 3 ) and relatively depleted trace element ratios ( Figure 5) In these plots, the arc islands located at the same latitude as the ELSC (i.e., Ata, Hunga, Kao, and Tofua) seem to extend the trends defined by the ELSC groups. In detail, the central group and the transition C-S define a trend distinct from the northern and southern groups, either pointing toward a more enriched mantle wedge composition (with higher Nb/La) or toward a subduction component with higher Nb/La (e.g., Hunga). Mixing lines between the different subduction end-members (stars, green for ''S north ,'' orange for ''S central-N ,'' red for ''S central-S ,'' and blue for ''S south '') and mantle wedge end-members (clovers, green for ''M north ,'' orange for ''M central ,'' and blue for ''M south '') are also reported. (Figures 9 and 10 ).
[25] The central group has a more pronounced subduction signature, with higher trace element contents, higher mobile element enrichment ( Figure 3b ) and higher 206 Pb/ 204 Pb ( Figure 6 ). The central group samples have higher 206 Pb/ 204 Pb, 207 Pb/ 204 Pb, 208 Pb/ 204 Pb and 87 Sr/ 86 Sr ratios compared to the northern group (Figures 3, 8, and 9) . In contrast, the Nd isotope ratios do not show any significant difference. In Figure 7 , the central group is offset from the northern group toward higher Ba/ La for a given Nb/La which could be explained either by a subduction-related end-member with higher Nb/La (similar to Tofua or Hunga) or by a mantle end-member slightly affected by an E-MORB-like enrichment similar to the one characterized by DR41-1 and the CLSC. In the Pb-Sr isotope diagrams (Figure 9c ), the central group array requires that the central mantle wedge has a 87 Sr/ 86 Sr ratio lower than the northern mantle wedge and a subduction-related end-member within Tofua or Hunga fields. In detail, the trace element ratios involving Th reveal the existence of two subgroups within the central group. As illustrated in Figure 8 , half of the samples from the central group (from the southern part of the area, i.e., the northern ELSC4, see Figure 5 ) display higher Ba/Th and La/Th with Nb/U and 206 Pb/ 204 Pb comparable to the other samples. While these samples have a similar range of Th contents, they contain slightly higher contents of the other incompatible elements.
[26] The transition N-C group includes two samples located in the middle of the segment ELSC3, with transitional trace element contents such as northern-like Ba/La and Th/La ratios and centrallike La/Sm ratios. They have relatively high Sr content and low Sr isotope ratios that contrast with the surrounding sample groups, with the exception of DR41-1, which also has low 87 Sr/ 86 Sr and is located almost at the same latitude within ELSC2.
[27] The southern group includes the samples located south of the transition C-S. The samples have the highest trace element contents (Figure 3c ) and the strongest subduction signature of the ELSC (e.g., the highest 206 Pb/ 204 Pb and Ba/La). While having the highest 206 Pb/ 204 Pb, the southern group has particularly low Ba/Th and La/Th compared to other high 206 Pb/ 204 Pb ELSC lavas (Figure 8 ). Ata's lavas display a similar characteristic when compared to the central Tonga arc lavas. The chemical similarity between the southern group lavas and Ata is confirmed in the isotope diagrams where the southern group defines correlations pointing toward the composition of Ata (Figure 9 ). Extrapolation of trends shows that the mantle wedge in the southernmost part of the Lau basin has less of an Indian signature than the northern mantle wedge, and is characterized by lower 207 Pb/ 204 Pb, 208 Pb/ 204 Pb and 87 Sr/ 86 Sr for a given 206 Pb/ 204 Pb.
In the trace element diagrams (Figures 7 and 8) , the southern group points toward the northern group.
Because of the strong enrichment in incompatible elements, it is difficult to constrain precisely the trace element composition of the southern mantle wedge. There are, however, some clues that the weaker Indian isotopic signature of the southern Figure 9 . Diagrams of (a) 207 [Hart, 1984] . mantle wedge is associated with a trace element composition slightly different from the northern mantle wedge (e.g., higher Ce/Pb, Figure 10 ).
[28] The transition C-S group includes the samples located within the transitional area of ELSC4 ( Figures 5 and 6 
Discussion
[30] These results demonstrate that the geochemical variability in the ELSC lavas is not due to a single subduction component whose amount varies with the distance form the arc. Instead, there are multiple trends corresponding to well-defined geographical areas, which require distinct mantle wedge and subduction-related end-members.
Compositions of the Subduction and
Mantle Wedge End-Members Beneath the Eastern Lau Spreading Center Values are given in Table 2 .
[32] We estimate the subduction-related endmember ''S north '' to have a composition similar to Kao. The central group has two subductionrelated end-members which differ by their enrichment in fluid mobile elements. This accounts for the apparent offset of central group data into two groups in Figures 8a, 8b, may have a more radiogenic 87 Sr/ 86 Sr, mirroring the difference between Tofua and Hunga (shown in Figure 9 but not in Figure 11 ).
[33] The subduction-related end-member for the southern group ''S south '' is relatively similar to Ata's trace element and isotope average Turner and Hawkesworth, 1998 ; Figure 9 ). Therefore the subduction component observed in the back arc changes systematically along with the variations of the volcanic front of the arc. More complete analyses of volcanic front volcanoes, including the submerged volcanic edifices can test and refine of these observations.
[34] ''M north '' is defined in trace element composition by the most depleted samples showing a minimal subduction-related input. The central or southern groups do not include truly depleted samples so we must use projections to estimate ''M central '' and ''M south '' compositions. The southern group trends toward a mantle wedge endmember similar to the northern mantle wedge, except for slightly higher Ce/Pb ( Figure 10 ). The trace element composition for ''M central '' seems undistinguishable from ''M south .'' Overall, the difference in trace element compositions of mantle wedge end-members is small compared to the ELSC compositional range.
[35] The trends defined by the northern, central and southern groups in the Pb isotopes ( Figure 9 ) and Ce/Pb versus 206 Pb/ 204 Pb diagram ( Figure 10) can be used to determine the 206 Pb/ 204 Pb ratios of the mantle wedge end-members using the intersection of these trends with a hypothetical ''MORB'' trend. The ''MORB'' trend represents the transition between a Pacific-like mantle, and a central Indianlike mantle and is drawn to go through the low 206 Pb/ 204 Pb CLSC and ELSC samples. Determining the 206 Pb/ 204 Pb ratios in this way, the 207 Pb/ 204 Pb and 208 Pb/ 204 Pb ratios of the mantle wedge end-members can be constrained from the linear regressions in the Pb isotopic diagrams (Figures 9a and 9b) . The northern mantle wedge lies at the most Indian-like extremity of the CLSC-ELSC1 field and the southern mantle wedge ''M south '' has a composition that is less Indian-like and still within the CLSC range. While using a lower Ce/Pb for the southern subduction endmember in Figure 10 would apparently put the southern mantle wedge within the EPR field, the well defined 208 Pb / 204 Pb-206 Pb /204 Pb correlation lying well above NHRL shows that it cannot be Pacific-like in Pb isotope composition (Figures 9a  and 9b ). The regressions though the central group in the Pb isotope diagrams, while not tightly constrained, show that ''M central '' is likely intermediate between ''M south '' and ''M north .''
[36] The Sr isotope ratio of the mantle wedge endmembers is the only unconstrained parameter and we can determine for the different groups which value provides the best fit in Figure 9c [37] The absence of a significant variation in 143 Nd/ 144 Nd does not permit us to use a method equivalent to the one used for Sr isotopes. Pearce et al. [2007] have shown convincingly that the subduction components contribute significantly to the Nd budget of the arc and back-arc lavas found in the Lau basin, which is confirmed by our new trace element data. The higher mobility of Pb is Figure 11 . La/Sm versus 87 Sr/ 86 Sr illustrating the different processes responsible for the ELSC lava compositional variations (see Appendix C for data sources). (a) The range of variation of the Tonga arc islands, the EPR (small cross) and CIR basalts (dashed field and small diamonds, except the enriched samples located between 18°S and 20°S), the Samoan lavas, the Louisville Seamount lavas, and the volcaniclastic and pelagic sediments relative to ELSC and CLSC data. Symbols for the ELSC samples are as in Figures 7 -10 . DR41-1 plots on the E-MORB end of the EPR trend (red arrow in Figure 11a ). (b and c) These plots zoom in on the ELSC and CLSC data and are used to illustrate the models discussed in the text. In these plots, the double gray arrow represents the change in Indian signature of the depleted mantle wedge with no change in La/Sm. The mixing hyperbola between the northern mantle wedge ''M north '' and ''S north '' (Figure 11b ) goes through most of the northern group data. The mixing hyperbolae between the central mantle wedge ''M central '' (represented by a rectangle with a color gradient like in Figure 9c ) and the southern subduction components ''S central-N '' and ''S central-S '' plot below the central group data suggesting that ''M central '' may be slightly offset toward higher La/Sm consistent with the contribution of a small amount of enriched component similar to DR41 (vertical red dashed arrow). In Figure 11c , the mixing hyperbola between ''M south '' and ''S south '' goes through the southern group data. The mixing hyperbolae between ''M south '' with ''S south '' and ''S central-S '' encompass the transition C-S data reflecting the change in the subduction input composition. It shows that the mantle wedge of the transition C-S group likely has a 87 Sr/ 86 Sr ratio similar to the southern group. responsible for a high Pb/Nd ratio in the subduction input, which would be expressed by a mixing hyperbola with strong curvature between the mantle and subduction end-members. Since the southern group and Ata plot within the same 143 Nd/ 144 Nd range ($0.51306 ± 0.0003, Figure 9d ), it implies that ''M south '' and ''S south 
Origins of the Mantle Wedge Variability
[38] At the basin scale, the mantle wedge isotopic composition changes systematically, displaying an increasing Indian-like signature from south to north. DR41-1 and a few samples from the central, northern and transition C-S groups provide evidence for enrichments in incompatible elements similar to enriched mid-oceanic ridge basalts (having slightly higher Nb/La and Ba/La than the southern group and most of the northern group samples, Figure 7 ). DR41-1 has an isotopic composition within the ELSC range despite its extreme trace element contents so the trace element enrichment does not appear to significantly affect the isotope ratios. Therefore, these two processes that affect the mantle wedge (change from Indian to Pacific mantle and enrichment akin to E-MORB) do not seem to be simply related and their origin is discussed below.
Southward Flow of Indian Mantle Progressively Replenishing the Mantle Wedge
[39] The data from the various ODP Sites, which sampled the early volcanic products of the back arc [Ewart et al., 1994b; Hergt and Farley, 1994; Hergt and Hawkesworth, 1994; Ewart et al., 1998; Pearce et al., 2007] , and the along-axis samples Volpe et al., 1988; Peate et al., 2001; Hergt and Woodhead, 2007; Pearce et al., 2007] provide evidence for the presence of an initially Pacific-like mantle which  this study] and the Sr, Nd isotope, and trace element data from Turner et al. [1997] , Ewart et al. [1998] , . See text for details on the estimate of the Pb and Sr isotopic ratios. has been replaced by an Indian-like mantle migrating southward. For example, data from ODP Site 834, located on the older part of the oceanic crust formed by the Lau spreading centers (Figure 1) at the same latitude as the CLSC, define a linear trend in Pb-Pb isotope diagrams toward the Pacific MORB field (Figure 12 ). This result remains true even with the analytical bias between the ODP Pb isotope data and the recent Pb analyses and contrasts with the Indian-like signature measured in the lavas recently erupted along the CLSC.
Geochemistry Geophysics
[40] Our new isotope results confirm the existence of a latitudinal change of the mantle wedge isotopic composition along the ELSC. The interpolated mantle wedge compositions for the ELSC groups show that the strength of the Indian-like signature changes along the Eastern Lau Spreading Center, becoming stronger toward the north (for example, seen in 206 Pb/ 204 Pb versus 208 Pb/ 204 Pb in Figure 9 ). The interpolation of the southern group trend also reveals that the mantle wedge beneath the southern Lau basin displays an Indian-like signature and that Pacific-like signature similar to the ODP Site 834 is not observed anywhere along the Eastern Lau Spreading Center (Figure 12 ). Since we have not analyzed samples from the southernmost segment of Valu Fa (VFR2), we cannot preclude the possibility of finding such a signature at the southernmost extremity of the Lau basin. While there is some uncertainty on the Pb isotope ratios of the central mantle wedge, it has clearly 87 Sr/ 86 Sr intermediate between southern and northern. This result is consistent with a progressive southward increase of the Indian-like isotopic signature and suggests that the trace element enrichment of the mantle wedge does not have a major effect on the mantle wedge isotopic compositions.
[41] Pearce et al. [2007] have proposed on the basis of Nd and Hf isotopic variations that the mantle migrating southward in the Lau basin is heterogeneous, containing easily fusible ''plums'' of enriched material that are progressively extracted by melting during the southward migration. Our samples do not display significant 143 Nd/ 144 Nd variations which would be expected if the model proposed by Pearce et al. [2007] was valid at the ELSC scale. In Figure 11 , the interpolated mantle wedge compositions plot along a horizontal trend (i.e., displaying little La/Sm variation with significant Sr isotope variation) showing that the isotopic variation of the mantle wedge along the ELSC reflects the southward flow of a depleted Indian-like mantle that is not carrying ''plums'' of enriched material.
Origin of the Trace Element E-MORB-Like Enrichment
[42] The process responsible for the enriched trace element signature of DR41-1 could be responsible for a milder enrichment affecting locally the mantle wedge beneath the central, northern and transition C-S groups. Adding $1.5-3% of DR41-1 to southern or northern mantle wedge end-members gives a slightly enriched mantle composition that could explain the distinct trend defined by the central group and a few depleted samples from the main trend in Figure 7 , with almost no effect on the isotopic compositions. Figure 11b also suggests a mild trace element enrichment of the central mantle wedge. The two mixing hyperbolae between the extreme compositions for ''M central '' with ''S central-S '' and ''S central-N '' plot below the central group data. A slightly enriched mantle wedge end-member with a higher La/Sm (0.8 instead of 0.7) would move the hyperbola closer to the central group data. This enrichment is not evident elsewhere, since the mixing hyperbola between the other mantle and subduction-related end-members do provide a good fit of the corresponding data.
[43] Understanding the origin of DR41-1's extreme composition is therefore pertinent to the nature of the enrichment process affecting part of the mantle wedge. DR41-1 trace element pattern is very similar to E-MORB (Figure 3 ), suggesting a possible common origin. The origin of the E-MORB enrichment is still a matter of debate, either attributed to recycling of crustal materials [Hofmann and White, 1982; Allègre, 1987; Weaver, 1991] or to mantle metasomatism by low-degree melts [Hawkesworth et al., 1984; Hart, 1988; Donnelly et al., 2004] . DR41-1 has a lower 87 Sr/ 86 Sr than the surrounding samples (but still within the ELSC range) and ''M north '' which implies that the component responsible for its enriched trace element composition has an even lower 8 7 Sr/ 8 6 Sr (Figure 9c ). This precludes an ancient enrichment process of the mantle wedge, which would have developed more radiogenic 87 Sr/ 86 Sr with time. The enriched component has thus to be added recently to the mantle wedge. It also implies that the recycled pelagic and volcaniclastic sediments and the Louisville Seamounts, which have too radiogenic 87 Sr/ 86 Sr ratios, cannot be the source of the enriched component. Figure 10 shows that DR41-1 has a less Indian-like (i.e., higher Ce/Pb) than the northern mantle wedge and higher 206 Pb/ 204 Pb. It has however a Pb isotope composition within the range of the other ELSC, plotting between the northern and southern trends (Figure 9 ). This combination precludes the subducted Pacific oceanic crust as the origin of the enriched component. While it may have the appropriate Ce/Pb, the subducted altered Pacific oceanic crust has an inappropriate Pacific-like Pb isotopic signature (i.e., low 208 Pb/ 204 Pb and 207 Pb/ 204 Pb for a given 206 Pb/ 204 Pb) and too radiogenic 87 Sr/ 86 Sr ($0.70475 [Staudigel et al., 1996] ). The enriched component must therefore be a low-degree melt derived from a mantle with an isotopic composition slightly less Indian-like than ''M north ,'' similar to what is observed farther south in the Lau basin. The subducting slab is dragging down the mantle located just above it and imposes a west-toeast mantle flow [Conder et al., 2002] . Combined with the progressively increasing Indian-like signature of the back-arc lavas mantle source, this implies than the mantle dragged to depth has a slightly less Indian-like signature than what is currently found at shallower depth (Figure 14) . The fields for the pelagic and volcaniclastic sediments from the ODP Site 204, the Louisville Seamount Chain lavas (LSC, data from Georoc), and the East Pacific Rise MORB (data from PetDB) are also reported. As developed in Appendix B, there is a significant discrepancy between the recent Pb data and the data collected by Ewart et al. [1998] , Regelous et al. [1997] , and Turner et al. [1997] . Despite the fact that the sediment Pb data have only been reported by these authors, the offset between the old and recent Pb data is not large enough to displace significantly the pelagic and volcaniclastic sediment fields. The south Tonga island Ata displays higher 206 Pb/ 204 Pb than the central Tonga islands, consistent with a significant contribution of the volcaniclastic sediments associated with the subducted Louisville Seamounts Chain, currently located beneath the island (see Figure 1 ). Tofua's data define a trend (gray line) pointing toward a subduction end-member intermediate between the pelagic and volcaniclastic sediments. It is possible that a small amount of volcaniclastic sediment contributes to Tofua and Kao's lavas. Farther north, Fonualei and Late plot on the hypothetical mixing line (thick black line) between a fluid derived from the subducted Pacific Altered Oceanic crust and a pelagic sediment melt, suggesting the absence of volcaniclastic sediment contribution. [44] Low-degree melts derived from a deeper section of the mantle wedge and preconditioning of the central and transition C-S mantle wedge explains both the trace element enrichment and the absence of significant isotopic change. The west-to-east mantle streamlines (as reported by Conder et al. [2002, Figure 3] ) requires that the preconditioning happened while the mantle flowing toward the melting regime beneath the spreading center was located farther west and slightly deeper.
[45] The origin of these low-degree melts could be related to the release of a small amount of fluid by the subducted slab that would induce melting of the deeper part of the mantle. The absence of significant enrichment in fluid mobile element in DR41-1 however requires that the fluid has negligible effect on the trace element budget which mainly reflects the low-degree melts of the mantle wedge. The melts produced would ascend vertically, not reaching the surface and preconditioning the upper part of the wedge before it arrives in the melting regime beneath the ridge.
Identification of the Subduction Components in the Lau Basin-Tonga Arc System
[46] The combination of our new ELSC trace element and isotopic data set with recent Tonga arc Pb isotopic data Pearce et al., 2007] provides new constraints on the nature of the subduction components in the Lau Basin-Tonga arc system, and on the origin of the geochemical variability of the central and south Tonga arc lavas. The ELSC mixing trends (Figures 7-11) require several subduction endmembers. The compositional variability of these end-members has to be produced by variable contributions of at least two subduction-related components. The same distinct components that affect the central and south Tonga arc influence the corresponding sections of the ELSC. These relationships also show that the subduction input to the mantle wedge is spatially organized in a way that varies along the arc and is continuous across the arc. It is of interest to consider the causes of the variations in the subduction components along the arc.
[47] The central Tonga arc data reveal that the lowest 206 Pb/ 204 Pb compositions in the arc (at Tofua) are associated with low Ce/Pb ratios ( Figure 10) Figures 12b and 12c) . The projected location of the LSC onto the subducted Pacific plate shows that it is currently beneath Ata (Figure 1) . This localized effect of the LSC is not consistent with an LSC influence in the north Tonga arc , which would require a 4 Ma delay in the influence of the subduction components. Such a long time is also inconsistent with the short transport times inferred from U-Th isotope disequilibria . Instead, the northern Tonga islands must be influenced by another subducted enriched material unrelated to the LSC, possibly the volcanic chain subducting between 18 and 18.5°S.
[49] The four Tofua samples with new reliable Pb isotope data define trends in the Ba/Th versus 206 Pb/ 204 Pb and Pb isotope diagrams that are inconsistent with simple mixing between an AOC fluid and a pelagic sediment melt ( Figure 12 ). The high 206 Pb/ 204 Pb and low Ba/Th end-member, attributed to sediment melt , needs an isotope composition intermediate between the pelagic and volcaniclastic sediments. It is possible that a small proportion of the sediments currently subducting at Tofua's latitude have a volcaniclastic origin. At the other extremity of the Tofua trend, the fluid related end-member with high Ba/Th and low 206 Pb/ 204 Pb does not plot within the Pacific MORB field (Figure 12) . A simple explanation for this offset could be that the fluid contains contributions from both the altered oceanic crust and sediment. This has been proposed by Hergt and Woodhead [2007] on the basis of the relatively high 206 Pb/ 204 Pb ratio of the high Ba/Th end-member.
[50] Hunga, the island located between Tofua and Ata, displays similar Pb isotope variation to Tofua associated with higher 87 Sr/ 86 Sr and Ba/Th (Figure 12 ). The data suggest involvement of the same components with higher fluid contribution.
[51] Kao, the island located next to Tofua (Figure 1) , displays no significant Pb isotope variation and plots within Tofua's field in most diagrams, suggesting a relatively similar geochem- ical history and the involvement of the same components. However, for a given Ba/Th (i.e., a given fluid contribution in the subduction input), Kao lavas have lower 87 Sr/ 86 Sr, which suggests a smaller sedimentary contribution to the fluid (Figure 12c ). Both islands have similar Nd isotope ratios, supporting the idea that their differences are related to the fluid-related subduction components and not to the mantle wedge.
[52] Farther north, two other islands from the central Tonga arc, Fonualei and Late, show isotope variations that extend the complexity of the processes responsible for the subduction input. Late and Fonualei lavas show almost no variation in Pb isotope ratios ( Figure 12 ). They have slightly lower Ba/Th and higher 87 Sr/ 86 Sr compared to Kao and Tofua for a given 206 Pb/ 204 Pb, both consistent with a higher contribution from a sediment partial melt. The small but significant difference in 87 Sr/ 86 Sr ratio between Late and Fonualei could then be related to either a fluid with variable 87 Sr/ 86 Sr ratio due to its multiple origins, as proposed by Hergt and Woodhead [2007] or to a sediment partial melt with variable 87 Sr/ 86 Sr ratio.
[53] The newly acquired Pb isotope data Pearce et al., 2007;  this study] combined with the Sr and trace element compositions thus reveal important variations in the nature and origin of the subduction components along the central and south Tonga arc, but also expose the need for extended studies of the different Tonga arc islands and seamounts in order to better comprehend the nature and origin of the subduction components.
Origin of the Latitudinal Variations
[54] The trace element and isotope variations show that the 206 Pb/ 204 Pb ratio is the best proxy for the extent of the subduction input to the mantle wedge. The 206 Pb/ 204 Pb ratio of the southern group, with the exception of four samples, seems to follow a smooth sinusoidal variation ( Figure 6 ). The northern half of sinusoid (21.2-22.8°S), concave downward, is reminiscent of the effect of a circular ''plume'' interacting with a mid-oceanic ridge [Schilling, 1985] . In the southern ELSC case, instead of a mantle plume, the enriched material would be transported by a diapir, with a circular shape and centered where the highest 206 Pb/ 204 Pb and 87 Sr/ 86 Sr ratios are observed ($21.55°S) along the spreading center. The wavelength of the sinusoid appears to be $65 km, which might correspond to the distance between two diapirs reaching the spreading center, a second diapir being located at the southern extremity of VFR1 ($22.2°S). This interval is surprisingly similar to worldwide average spacing between arc volcanoes [Marsh, 1979] .
[55] The peaks in 206 Pb/ 204 Pb ratio also correlate with the location of Ata and two submerged volcanoes [Stoffers et al., 2006] . The highest 206 Pb/ 204 Pb are located above downgoing slab flow lines from Ata, volcano 4 and volcano 3 ( Figure 13) . A lateral flow from beneath the arc volcanoes toward the ridge would be against the mantle streamlines predicted from corner flow ( Figure 14) . It is thus more likely that the subduction input observed in the southern ELSC and the south Tonga arc volcanoes reflect a deeper common origin that influences both the volcanic front and the back arc. The weaker 206 Pb/ 204 Pb peak at 21.9°S could reflect the proximity of volcano 4.
[56] North of the transition C-S, the 206 Pb/ 204 Pb variation shows that the subduction input to the mantle wedge is more diluted and more diffuse. This may be related to the greater distance from the arc and a decoupling between the arc and back arc.
Either the ascending diapirs are assimilated into the melting regime at depth or the addition of the subduction input involves another type of transport mechanism such as high-porosity channels.
[57] The abrupt and asymmetrical decrease northward in subduction signature in the northern area (e.g., low 206 Pb/ 204 Pb, Ba/Th and Th/La, Figures 5  and 6 ), just north of the transition N-C reflects a major change in the basalt petrogenesis. The transition N-C corresponds to the location of the disappearance of the axial magma chamber reflectors beneath the Eastern Lau Spreading Center to the north [Martinez and Taylor, 2002] and to the change in ridge morphology from an axial high in the southern ESLC to an axial low in the northern ELSC. The isotope and trace element data show it also reflects an important change of the extent of fluid-rich subduction input to the melting regime. Fluid-enhanced melt productivity in the central and southern ELSC explains both the presence of a magma chamber and the axial high in the southern ELSC. More magma production provides more pathways for extracting melt toward the surface, which could explain the apparent spike of the subduction input just south of the transition N-C, with most of the melt being more efficiently extracted toward the southern part of the transition.
[58] Two samples located within the transition N-C, part of the ELSC3, display a unique chemical Figure 14 . Schematic cartoon illustrating the different processes occurring beneath the Eastern Lau Spreading Center. The replacement of the Pacific-like mantle by an Indian-like mantle is represented by the color gradient. It shows that the Indian signature (brown) increases southward and, for a given latitude, that the deeper mantle has a weaker Indian signature. Different color codes for the name of the Tonga islands and the ELSC ridge reflect the change in subduction-related components. The subduction input beneath Valu Fa (cross section 1) is represented by a diapir which affects the entire melting regime beneath the ridge. The subduction input beneath ELSC4 (cross section 2) is more diffuse along the ridge, possibly reflecting the addition of the subduction input to the melting regime through high-porosity channels. signature: low 87 Sr/ 86 Sr and high La/Sm possibly reflecting a low-degree melt contribution similar to DR41-1 associated with moderate enrichment in fluid mobile elements. The low-degree melt contribution is consistent with the location of DR41, which is located at the same latitude farther west on the ELSC2, and with the central group located just south of the transition N-C. Deciphering the detailed origin the chemical compositions of these two samples remains difficult because of the major changes in intensity of the two trace element enrichment processes that occur within the transition.
Conclusion
[59] Dense sampling of the Eastern Lau Spreading Center reveals that most of the geochemical change along axis occurs within two transitional areas located in the middle of segments. The transitional areas separate geographical provinces with distinctive geochemical characteristics independent of the ridge segmentation. The trace element and isotope variations between these areas reflect the presence of two distinct enrichment processes, one of which is responsible for an E-MORB-like trace element enrichment that has little effect on isotope ratios, and the other for a fluid-dominated enrichment that is variable in composition along axis and is similar to but less intense that what is observed in the Tonga arc lavas. The compositions also reflect the southward migration of Indian-like mantle, progressively replacing the initially Pacific-like mantle wedge.
[60] For most of the ELSC groups, the trace element and isotopic compositions of the subduction end-members can be estimated. The different regions we have defined appear to have distinct subduction inputs with compositions reflecting changes observed in the central and south Tonga arc island lavas. The subduction input of the southern ELSC shows some strong similarities with Ata, the south Tonga island located in its vicinity, while the central ELSC show a subduction input more similar to the central Tonga islands Hunga and Tofua, and the northern ELSC a subduction input similar to Kao (Figure 14) . Close to the arc front, the extent of the subduction input to the mantle wedge correlates with the location of the arc volcanoes supporting a coupling between the arc and the back arc. Further from the arc front, the distribution of the subduction input is more diffuse. This likely reflects a different depth of origin and a different mechanism of transport for the subduction input than for the arc.
[61] The combination of the back-arc and arc data allows identification of the involvement of several components contributing to the subduction input. Overall, the subduction input is composed of a fluid (derived from the altered oceanic crust with a possible sedimentary contribution) and a sediment partial melt. In Ata and possibly the southern part of the central Tonga islands, volcaniclastic sediments associated with the subducted Lousiville Seamount Chain contribute significantly to the subduction input. Farther north, the central Tonga Islands do not have such a contribution. While on a regional scale there is a decrease in subduction influence with the distance from the arc, on a small scale, the distribution of the subduction input is not directly related to the distance from the arc front. It rather reflects the mechanisms of the addition of the subduction input to the mantle wedge.
[62] Knowing the subduction input compositions permits an estimate of the mantle wedge composition for the different groups. Our data set confirms a progressively stronger Indian-like signature toward the north for the mantle wedge. This observation supports a southward flow of Indian-like mantle, likely associated with the basin opening, as illustrated in Figure 14 . The estimated mantle wedge composition for the southern ELSC has a less Indian-like signature than farther north but does not display a Pacific-like signature comparable to the ODP Sites 834 and 839 [Ewart et al., 1994b; Hergt and Farley, 1994; Hergt and Hawkesworth, 1994; Ewart et al., 1998] . The initially Pacific-like mantle appears to have been mostly replaced.
[63] Our data set also reveals the existence of an E-MORB-like trace element enrichment that occurs prior to the subduction input, without affecting significantly the isotopic compositions. This enrichment has the strongest effect on the composition of sample DR41-1. It reflects the preconditioning of the mantle wedge by a low-degree melt derived from a deeper part of the mantle which has a slightly less Indian-like isotopic signature. [Tanaka et al., 2000] . While JNdi daily averages were variable because of different tuning conditions and outside factors, typical reproducibility on 143 Nd/ 144 Nd ratios is 35 ppm (±0.000018). After correction using the bracketing standards, the external reproducibility for DR41-1 is 24 ppm (0.513018 ± 0.000012 (2s; N = 23)). For this study, several samples were measured twice, and the reproducibility obtained was consistent with the one for DR41-1.
[68] Trace element concentrations were determined using a Thermo X-series ICP-MS quadripole at Harvard University. The samples were processed using the method described in A. Bezos et al.
(Origins of chemical diversity of back-arc basin basalts: A segment-scale study of the northern Eastern Lau Spreading Center, submitted to Journal of Geophysical Research, 2008). 72 Ge, 103 Rh, 115 In, 169 Tm, and 209 Bi were used for internal standard normalization. Our in-house standard K1919 was used for drift correction and BHVO-2, W2, DNC-1, JB-2 and MAR were used for the calibration curves (see Table A1 ).
[69] Major element compositions were performed on glassy pillow rim material using the JEOL JXA-733 electron microprobe at MIT and normalized to the VE32 glass standard. For more details, please refer to Bezos et al. (submitted manuscript, 2008) .
Appendix B: Comparison With Existing Tonga and Valu Pb Isotopic Data
[70] As recently pointed out by Hergt and Woodhead [2007] , there are significant differences between the Pb isotopes ratios reported for the same samples in earlier studies of the Tonga arc, especially between Ewart et al. [1998] (which includes data from Regelous et al. [1997] ), and Turner et al. [1997] . Hergt and Woodhead [2007] reported new Pb data for 14 samples previously analyzed by Ewart et al. [1998] , 7 of which have been also analyzed by Turner et al. [1997] . To summarize, their new data show the same range of variation as the Ewart et al. [1998] data for 206 Pb/ 204 Pb and 208 Pb/ 204 Pb but a significant offset toward lower 207 Pb/ 204 Pb ( Figure B1) . When compared to the new Hergt and Woodhead [2007] data, data appear to be significantly shifted toward lower 206 Pb/ 204 Pb and 208 Pb/ 204 Pb, and show substantial variability in Pb/ 204 Pb for the 206 Pb/ 204 Pb range. For a more detailed discussion on the possible origins of the Pb ratio discrepancies, the reader is referred to Hergt and Woodhead [2007] . On the basis of their new data set, Hergt and Woodhead [2007, p. 23] concluded that the older data ''appear to be inappropriate to address current issues in arc geochemistry and should be superseded by the data obtained with modern methods and instrumentation.''
[71] In order to better constrain the nature of the subduction component(s) affecting the mantle beneath the Eastern Lau Spreading Center, we need to be able to compare our new data set with the central and south Tonga arc islands (from north to south: Fonualei, Late, Tofua, Kao, and Ata). Only one other recent study of the Tonga arc reported new Pb isotopic ratios . Pearce et al. [2007] have analyzed a total of 4 new samples from 4 different islands (Ata, Tofua, Hunga A'apai and Late). Combined, the two recent studies Pearce et al., 2007] provide new Pb isotopic compositions for three samples each from Kao, Late, Hunga A'apai, and Fonualei, but only one each for Tofua and Ata.
[72] We report new Pb isotopic data for 4 samples from Ata, 3 from Tofua, 3 from Late and 3 from Fonualei, which have almost all been previously analyzed by Turner et al. [1997] . Our new Pb compositions confirm the shift toward lower 206 Pb/ 204 Pb, 207 Pb/ 204 Pb and 208 Pb/ 204 Pb ratios for Turner et al. [1997] data compared to the recent analyses ( Figure B1 ). Our new Pb ratios for Ata lavas are consistent with the analysis made by Figure B1 . Comparison of the recent and other Pb data. Note that the gray circles with the black contours represent samples analyzed by both Turner et al. [1997] and Ewart et al. [1998] and reanalyzed by Hergt and Woodhead [2007] . Pearce et al. [2007] , which is an expected result since they also use NBS981 as a standard ( Figure B2 ). Our analyses area also in agreement with the analysis made by Jenner et al. [1987] , confirming the absence of a bias between their data and recent data. These six compositions of Ata lavas confirm the existence of a 207 Pb/ 204 Pb offset relative to the central Tonga Island trend, with little if any offset in 208 Pb/ 204 Pb ( Figure B1 ). For Tofua, while having slightly higher Pb isotopic ratios compared to data for the same samples, our new data together with the data confirm the significant range of Pb isotopic ratios, ranging from 18.454 (instead of 18.415) to 18.645. Kao, Late and Fonualei lavas have a smaller range of variation of Pb isotope ratios within the range for Tofua lavas.
[73] The comparison of the more recent data from the central and south Tonga arc islands with either Turner et al. [1997] or Ewart et al. [1998] data does not provide any simple relationship that may allow for correction of their data. Like Hergt and Woodhead [2007] , we conclude that the more recent Pb analyses should be used to discuss the origin of the arc geochemical variability and for comparison with our new data set for the Eastern Lau Spreading Center.
[74] Only one sample has been analyzed by both Hergt and Woodhead [2007] and us and there is a small offset ( 206 Pb/ 204 Pb: 18.577 versus 18.566, 207 Pb/ 204 Pb: 15.558 versus 15.562 and 208 Pb/ 204 Pb: 38.21 versus 38.196, for Hergt and Woodhead [2007] and us, respectively) which does not seem to be significant compared to the offset with the older data. In order to be sure of the absence of bias between the recent data, we report in Figure B2 the comparison between the old Turner et al. [1997] data and the recent data. For the 206 Pb/ 204 Pb and 208 Pb/ 204 Pb ratios, our data define a trend parallel to the 1:1 line, offset toward higher values. For the 207 Pb/ 204 Pb ratio, our data show less variability than the Turner et al. [1997] data but no systematic offset. The Hergt and Woodhead [2007] data display significantly less variation than the data obtained on the same samples by Turner et al. [1997] . The offset from the 1:1 line is higher for the Hergt and Woodhead [2007] data than for ours, suggesting a possible analytical bias.
[75] In this study, we chose not to include the existing Pb isotope data obtained on Valu Fa samples [Loock et al., 1990; Loock, 1992] . As illustrated in Figure B3 , most of the 207 Pb/ 204 Pb ratios from these analyses are offset toward higher values. 
